first-principles study of manganese oxides in several crystal structures at different levels of lithiation both with and without spin polarization. They find that the relative stabilities and structures of the different phases are well described in calculations based on the generalized gradient approximation (GGA) [6] , a formulation in which the LSDFT is augmented by gradient corrections. For all of the structures on which they made comparisons, antiferromagnetic configurations were favored over ferromagnetic configurations in the GGA-based calculations.
In this paper, densities of electronic states are presented for several standard Mn oxides in the antiferromagnetic state with Mn oxidation state between 2 and 4, which illustrate the behavior at various levels of filling of the majority spine band. Preliminary calculations for Codoped Mn dioxides are discussed, which are intended to elucidate the recent experimental finding [7] that such doping tends to stabilize the rhombohedral structure relative to the one with monoclinic symmetry. 
RESULTS

Electronic Spectra
Most Mn oxides undergo transitions to antiferromagnetic states at Neel temperatures that are below room temperature; disordered local moments with short range antiferromagnetic correlations exist above TN. Nevertheless, the work of Mishra and Ceder [5] provides evidence that density functional theory can yield realistic total energies and relative stabilities of competitive Mn oxides structures.
Jahn-Teller Distortion
Technically the most diftlcult regime for first principles calculations is that for which both 3-I-and 4+ Mn oxidation states are present, as for example in LiXMn204(O< x <1). In such systems, a disordered arrangement of if distorted octahedra typically occurs in conjunction with a frustrated antiferromagnetic spin configuration. In several spinel-based Systems, notably those of the Li-Mn-O ternary system, static JT distortions are observed when the mean Mn oxidation state is below about 3.5 [17] . An additional complication is the order-disorder transitions on the Li sublattice, which have been addressed theoretically in the context of Co oxides [1,2], but not
Mn oxides. The treatment of all these features simultaneously, i.e., the JT distortions, the antiferromagnetic structure, and the Li configuration at arbitrary x, pose a severe challenge to theory.
The "endpoints" with mean Mn valence very close to either 3 or 4 are relatively more tractable from the standpoint of f~st principles calculations than the mixed valent regime. In the case of Mn(3+), e.g. in monoclinic [4] and orthorhombic [9] LiMn02, the JT-distortions are uniform throughout the crystal, and the antiferromagnetic structure is unfrustrated, which lead to a relatively small unit cell. In the case of Mn 4+, although the magnetic unit cell may be frustrated (e.g., in X-Mn02 [1l]), JT distortions are absent, and even non-spin-polarized LDFT calculations may be adequate for some purposes. Thus, we find excellent agreement between calculated internal coordinates and experiment in non-spin-polarized pseudopotential LDFI' calculations for cx-Mn204(hollandite), as well as for the electrochemical potential of an inserted Li atom; that work will be presented elsewhere.
is the~fT he mixed valent regime is crucial to the operation of Li batteries. A practical difficulty limited cycle lifetime of Mn-based systems resulting from JT-induced structural transformations [17] , which has motivated the exploration of strategies to suppress the JT distortion. The recent discovery [7] that the rhombohedral (et-NaFe02) structure of LiMn02 is stabilized with respect to the (JT distorted) monoclinic form by substitution of only 10% Co suggests that JT-distortion suppression may be possible even at mean Mn valences well below 3.5.
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The detailed mechanism for this suppression has yet to be established. Experience with the somewhat analogous JT system perovskite LaMn03 may be relevant in this context: (i) only 2070 divalent doping (Sr) on the La sublattice suppresses the cooperative JT phase transition [18] , and
(ii) Co substituted on the Mn sublattice is divalent [19] . These results suggest that modest levels of divalent cobalt in Li(CoXMnl.X)02might be sufficient to suppress the JT distortion.
We have . We note, however, that Mishra and Ceder [5] found the ferromagnetic rhombohedral structure to be more stable than the antiferromagnetic monoclinic structure at the LSDFT level and only at the GGA level was the latter more stable.
We expect, however, that by comparing doped and undoped cases at the same level of approximation that valid trends may be discerned.
In the case of the doped system we find &.~(x = 0.25) = 0.20) .20-eV/formula unit. If we take at face value both this result and that for the undoped system, it would suggest that Al&.(x -0. 1) = 0.0, consistent with the experimental observation of rhombohedral structure stabilization at 10% doping [7] . Analysis of the spin up and spin down integrated charge densities in the muffin-tins of the Mn atoms; however, show them (in both monoclinic and rhombohedral structures) to be unchanged by the Co dopant, which suggests that no charge transfer takes place and the oxidation state of Co is 3+ rather than 2+. We suspect, however, that the neglect of lattice relaxation maybe giving misleading results. S ince the JT environment of monoclinic LiMn02 is unfavorable for Co, we expect that the coordinated oxygens may relax appreciably, making it favorable for neighboring Mn to reduce the Co oxidation state to 2+, and and correspondingly increase the oxidation state of Mn above 3+. This conjecture, of course, must be confirmed or refhted by explicit calculation, which is now in progress.
CONCLUSION
First principles calculations for lithiated Mn oxides are most difficult in the mixed valent regime, which is the regime of greatest practical interest. A direction that we are currently pursuing is to apply such calculations to gain an understanding of how dopants may suppress the cooperative JT phase transitions that affect cycle life of Mn-based electrodes in Li batteries.
